Abstract: Earthquake effects can be distinctly different in two different countries even if the earthquake has the same level of intensity. Loss and damage caused by the earthquake will be much less in developed countries than in developing countries. Due to its inability to prevent and cope with disasters developing countries are in the focus in this article. This paper presents an approach for detecting the most and the least vulnerable countries of the world and the distribution of their population within different earthquake intensity zones. There is also a summary of the change in world population during the 25-year period , within continents and earthquake intensity zones as well as a comparison between continents. The population growth is unevenly distributed and highest in the zone with probable maximum intensity VIII. In relation to the World population by earthquake intensity zones, the developing countries have the lowest share of its population among the zone with most destructive earthquakes.
Introduction
Although there are geographical explanations of distribution of the world's population and disposition of seismic activities, the both are unevenly distributed. They are concentrated zonally and these zones often overlap. Seismic vulnerability, besides on earthquake's own strength, depends on population density and country's level of development. Developing countries are the most vulnerable in every way, and the poor and marginalized groups in these countries are at most risk.
According to the terminology of the United Nations (UN, 2012) , economies in transition and developing economies represent countries with a low or medium national income per capita, with a relatively underdeveloped economic structure and a relatively small share in world production and trade. Developing countries are highly vulnerable to natural disasters. Accident can easily become catastrophe and wipe out decades of development in just a few minutes. The regulations on construction are less respected in these countries and they also have lower control mechanisms. The coordination in emergency situations is often weak. Compared to developed countries, the level of corruption is high. Religious and ethnic discriminations are very common. Supplies are not evenly and efficiently distributed among all social groups and thus all of these conditions can only worsen the consequences of natural disasters.
In aid workers' reports there is constant emphasis on need for adequate help and there are often claims that widespread corruption and many other irregularities endanger public distribution of humanitarian aid. After the earthquake in Guatemala in 1972, "аssistance was directed mainly to middle-class people while the poor were largely ignored" (Özerdem, 2006) . In Gujarat, India, after the earthquake in 2001 "foreign aid workers admit they fear that Dalits and Muslims may lose out" (Harding, 2001 ).
Susceptibility to disasters is different regarding the social status. Marginalized groups and the poor have always been at most risk from natural disasters. They are forced to live in risky areas, especially in the growing urbanized world. Women are also at greater risk due to natural disasters, and that includes the burden that brings home repairing and provision of resources for life after such events. Many reports, including the ones from Asian tsunami in 2004, have shown that women and other dependents suffered much higher mortality compared with adult men (Oxfam, 2005) . Reports indicate that in earthquakes, in the greatest danger are people older than 60 years, children and the chronically ill, as opposed to other groups of the population (Naghii, 2005) .
Materials and methods
Zones of probable maximum earthquake intensity, used in this study, are a spatial data set made by United Nations Environment Programme and Global Resources Information database (UNEP/GRID). Zones are based on expectations of earthquake intensity for a period of 50 years and they match Modified Mercalli Scale from 1956. Besides this 12-value scale there are only 5 intensity zones with probable maximum intensity: 1. V and below, 2. VI, 3. VII, 4. VIII and 5. IX and above. As it is stated in the description, "the intensity describes exclusively the effects of an earthquake on the surface of the earth and integrates numerous parameters (such as ground acceleration, duration of an earthquake, subsoil effects)" (UNEP, 2001) . The data are built on World Map of Natural Hazards published by Münchener Rückversicherungs-Gesellschaft (Munich Re, 2011) in 1988.
The third edition of Gridded Population of the World (GPWv3) is used for observing the distribution of the population and its number (Center for International Earth Science Information Network [CIESIN], 2005) . These data represent the estimation of human population for the years 1990, 1995, and 2000 and projection for the years 2005, 2010, and 2015 . This spatial database is produced by the United Nations Food and Agriculture Programme (FAO), the Columbia University Center for International Earth Science Information Network (CIESIN) and Centro Internacional de Agricultura Tropical (CIAT) in order to provide spatial relations of human population and the environment all over the world. Only a part of database is used in this research -Centroids. These point data consist of 399,781 points which represent the centers of administrative units with population of it as attributes. Administrative units are of various levels and can differ largely. For example, within the territory of Slovenia points represent centers of municipalities. Some of them are with population less than 100. On the other hand, Serbia is represented with only 3 points located in the center of autonomous provinces and Central Serbia. Central Serbia alone has a population of more than 5,000,000.
Analysis of zones of probable maximum earthquake intensity and population growth rate is done in ArcGIS in order to determine regularities in increase and decrease of world's population depending on earthquake intensity zones and detect the areas that will be most endangered in the future. Spatial Join tool within this software is used for combining shapefiles and transferring their attributes based on their spatial relationship. Attribute data from two polygon data files which represent zones of probable maximum earthquake intensity and boundaries for the continents are transferred to point data, centroids which already include information about human population. Before combining those files there was a need to adjust their cartographic projection and prime meridian. Boundaries of continents and countries in those shapefiles are highly simplified and there was a lack of some islands. In that situation some of centroids fall outside of polygon data. In order to minimize the error, option Closest within Spatial Join tool was used and the information of nearest continent and zone of probable maximum earthquake intensity are transferred to centroids. Colour combinations used for a map (Figure 1 ) are obtained from http://colorbrewer2.org (Brewer, 2013) in order to be readable by colour vision impaired persons and thus be able to understand the message the map is trying to send. Mollweide projection, pseudocylindrical and equivalent map projections were chosen to maintain equal-area properties. Due to tectonic plate disposition Greenwich was not used as a central meridian. In this way Pacific-centred map was used to add accent to the Pacific Ring of Fire.
Results and discussion

Population growth rate in the world and its distribution within continents in relation to the vulnerability to earthquakes
The number of people living in the IX category or higher on Modified Mercalli earthquake intensity scale is estimated to be over 270,000,000 people in 2015, or 3.8% of the world population (Table 1) . Population is growing constantly in this zone but at the same time there is a regular decline in share of total world population. In all zones the number of inhabitants is growing, but the percentage share of world population is declining except in zone VIII. The greatest population growth in 25-year period of 156% is in the zone VIII. (1) % Popul.
(1) % Popul.
( (Table 2) . There live about 60% of the population. Only 16% of the population or about 105,000,000 live in zones of the VII category and higher. As the countries of Europe have negative or low natural increase rate, changes in population number over a time and within zones are negligible. (1) % Popul.
( The most populated continent ranks first in the increase in population, and second in the percentage of increase. In the 25-year period the population increased by 37%, with the largest growth in zones VII and VIII which is clearly reflected in the global level (Table 3 ). In zones of the categories IX and higher in 2015 lived about 5% of the population of Asia, or over 200,000,000 which is 80% of all people in the world who inhabit this zone of highest earthquake intensity. 95% of the Asian population lives in developing countries. The only developed countries in Asia are Japan, Singapore, Hong Kong, Taiwan, South Korea and Israel. (1) % Popul.
( Throughout the African continent there are areas with high seismic and volcanic activities. The greatest number of volcanoes and earthquakes is concentrated along The Great Rift Valley which extends along the eastern part of the continent. The African plate is moving towards Eurasian plate and the Mediterranean subduction zone causes earthquakes and volcanoes, which can generate tsunamis and affect the northern coast of Africa.
All African countries are developing countries. In the area of The Great Rift Valley are the least developed countries of Africa, which makes this area even more vulnerable. For the last 25 years, the population in Africa increased by 80%, which is a record, compared to other continents (Table 4 ). The only decline in population is recorded in the zone of the categories IX and higher. Population in this zone is now equal to Oceania's population (without Australia) in the same zone. Together they have fewer residents in this zone than any other continent in the same one, with exception of Australia where the maximum category is VII. The highest population growth was recorded in the safest zone that contains 48.5% of the population, where the population has almost doubled in 25 years, and where there is no indication that growth will decrease. (1) % Popul.
( The North American continent is characterized by localized volcanic activity and earthquakes. Collision between the North American plate and the Pacific plate caused a complex geological structure along the Pacific coast. In North America, the greatest part of the seismic activity is concentrated in California, where the San Andreas Fault, which lies along the coast, is associated with a number of strong earthquakes.
The only two developed countries in North America are the United States of America and Canada, and currently there live 80% of the population of North America. Half of the population of North America lives in the zones that are up to the category VI, and half in the zones of the category higher than VII (Table  5 ). This is the continent with the most regular distribution in these 5 categories. The growth of the population in all zones is noted, and the largest rise of 43.8% and 57.6% in the 25-year period is in the zone of the categories VIII and IX and higher, respectively. The effects of 1989 Loma Prieta's earthquake (California) with intensity of VIII in the most part and even IX in some parts (Bolt, 2005) are one of the most used facts in describing the difference in earthquake losses in developed and developing countries. During this one, 63 people are killed (Haynes et al., 1992) . In similar intensity earthquakes, one in Armenia in 1988, more than 25,000 people were killed (Gates & Ritchie, 2007) and in Marmara earthquake in Turkey in 1999 more than 17,000 people were killed (Özerdem & Barakat, 2000) . Table 5 . Population growth rate in North America from 1990 to 2015 by zones of the maximum intensity of earthquake and their share in the total population of the continent Year Modified Mercalli earthquake intensity ≤ V VI VII VIII ≥ IX Popul.
( In South America, currently 60% of the population lives in the zone of the category V and lower (Table 6 ). Second most populous zone is the one of category VIII. Here, as in North America, population is growing in all zones, and also the most vulnerable is coastal area of the Pacific Ocean as a part of the Ring of Fire. All countries are developing countries. (1) % Popul.
( Unlike neighbouring New Zealand, any specific seismic activity in Australia is not noted in recent times, although several strong earthquakes hit the continent in the past. The northern part of the Australian Plate collides with the Eurasian Plate along Indonesia. At this spot subductive zone is formed below Indonesia, which produces earthquakes and volcanoes. While there are currently no active volcanoes in Australia, volcanism in the relatively near geological past has been very active. This activity is explained by the movement of Australia through the "hotspot". Unlike Hawaii, where there is only one point of volcanic activity, volcanism in Australia is broken to multiple points which are located around the east coast of Australia. (1) % Popul.
(1 Australia is a highly developed country and has the privilege to be the only continent that does not have zones VIII and IX and higher (Table 7) . In other three zones population growth is present. In the zone of the category V or lower live 70% of the population, and therefore this is the safest continent regarding the risk of earthquakes. (1) % Popul.
( Oceania (without Australia) records a population growth of 40% (Table 8) . Apart from New Zealand, which has about half of the population, all other countries are developing countries. Almost all of them are affected by strong earthquakes and half of the population lives in the zones of the category VIII and IX and higher. In this region, only 11% of the population lives in the zone of the category V or lower, which is the lowest percentage compared to other continents.
Population growth rate within continents and within developing countries in relation to the vulnerability to earthquakes
In developing countries in Europe, a bit less than a 1,000,000 people live in the zone of the category IX and higher, the most tectonically active one, and this places this continent in the last place by the number of threatened people in developing countries. It is followed by Oceania and Africa. Among developing countries in Europe, the Balkan countries, Romania, Russia and Ukraine are threatened (Table 9 ). In percentages, the population of Macedonia is the most vulnerable because 69% of the population live in zones VIII and IX and higher. In the tectonically calmest zone of the category V or lower live 70% of the population in developing countries, and Europe is the first in the world. Belarus, Lithuania and Latvia are entirely in the zone of the category V. In Poland 95% of the population live in the zone of the category V or lower, and in the European part of Russia more than 87%. (1) % Popul.
(1) % Popul. Half of all people in Asia who live in the zone of the category IX and higher are from developing countries (Table 10 ). In the zone of the category IX and higher live 73% of the population from developing countries who inhabit this zone. In percentages, Nepal and Bhutan hold the record among all developing countries with 100% in the percentage share of the population living in the zone of the category VIII and IX and higher. They are followed by the Philippines with 94%, Iran with 70% and Kyrgyzstan and Turkey with 68%. Pakistan with 81% living in the zone VI and VII was hit by an earthquake of intensity of VIII in 2005 killing more than 73,000 people (Frankenberg, Laurito, & Thomas, 2015) and causing an estimated $5 billion in damage (World Bank Independent Evaluation Group, 2006) . High number of deaths was associated with densely populated area. In contrast, one of the strongest earthquakes ever, with maximum intensity of XI, is one from 1964 which hit Alaska's sparsely populated area ending with only few deaths (Kusky, 2008) . From the data, it appears that Sri Lanka and Cambodia are among the safest countries, which are completely in the zone of the category V or lower, followed by 86% of the population in Thailand and Vietnam with 84%. Malaysia and North Korea are spread only in the zones V and VI. Turkmenistan with a great majority of population settled in the zone VI (71%) has suffered an earthquake in 1948, which claimed 110,000 lives (USGS, 2014). (1) % Popul.
( In Africa the least number of people, among other continents, live in the zone of the category IX and higher, only 0.1% in percentages (Table 11 ). Only Algeria is in this most vulnerable zone. In the tectonically calmest zone of category V or lower live 50% of the population of this continent. Africa is the most populous country and, according to the estimation, the fourth place with a population in the world by 2050 -Nigeria is in the zone of the category V and lower. The same case is with Burkina Faso, Mali, Chad, Benin, Sierra Leone, Liberia, Central African Republic, Gambia, Mauritius, Comoros, Mayotte, and Seychelles Islands. The most vulnerable countries are Algeria and Morocco in the north, and countries around The Great Rift Valley as Ethiopia, Eritrea, Uganda and Burundi. (1) % Popul.
(1) % Popul. North America is the third place with a population in the zone of the category IX and above, after Asia and South America (Table 12 ). The most vulnerable countries are Guatemala, El Salvador and Costa Rica. Guatemala has 93% of the population in the zones of the categories VIII and IX and more, Costa Rica 85%, El Salvador about 80% and Mexico 25%. Haiti with 64% of the population in category VIII and the rest in category VII was struck by the earthquake in 2010 which destroyed 24.4% of households and damaged another 41.5% (Kolbe et al., 2010) , killing over 220,000 (Frankenberg et al., 2015) . 65.9% of all deaths were children under the age of 12 (Kolbe et al., 2010) . (1) % Popul.
(1) % Popul. In South America, 56% of the population of the continent live in the zone of the category V and lower (Table 13) . Paraguay, Uruguay and Suriname are completely in this zone, as well as 95% of Brazil. The most endangered is the population of Ecuador (over 99% live in the zones of the categories VIII and IX and more), Chile (98%), Peru (around 73%) and Colombia (46%). Argentina and Venezuela are also in danger. (1) % Popul.
(1) % Popul. Among the countries of Oceania, only American Samoa is whole in the zone of the category V or lower (Table 14) . Fiji, Solomon Islands, Kiribati and Tuvalu are in their entirety in the zone of the category VIII. Palau and Vanuatu are countries that completely belong to the zones of the categories VIII and IX and higher, and in Papua New Guinea 58% of the population live in these areas. 
Conclusions
Earthquakes are serious sources of danger to people around the world, but not everyone is equally at risk. Earthquakes are particularly dangerous because they cannot be predicted, and therefore public cannot be informed and prepared for a possible disaster, nor it is possible to organize the evacuation. As the epicentre of the earthquake is closer to the populated area, injuries, casualties and damages will be more numerous. The earthquake itself does not kill people, but people are dying because of the demolition of the buildings, roads and other structures. What makes earthquakes deathly is not their strength, but the way in which buildings are constructed. The more we know of the most seismically active areas on Earth, possible power of earthquakes and the consequences that may follow, it will be more possible to assess the possible damage and make the necessary plans to minimize human and material losses.
Population growth puts more people at risk. With the increase of the population, more people will live and work in areas that are vulnerable to geological and other natural hazards. In developed countries, the accidents are mainly rated by material, economic or environmental losses, while in developing countries disasters are often measured with the number of lives lost. The population of the world is continuously increasing, and in percentages the largest increase is in the zone of the category VIII and that is up to 56%, where earthquakes can be so strong that they can knock down even some modern buildings. In relation to the World population by zones, 78% of the population who inhabit zone of the intensity ≤V live in developing countries, in zone of the intensity VI 84% of the population resides in developing countries, in zone of the intensity VII 91%, in zone of the intensity VIII 89%, and in zone of the intensity ≥IX 62% of the population from that zone are coming from developing countries. Because of the complexity which arises from numerous causes, there is no one who could claim that the earthquakes are the only reason why the zone with most destructive earthquakes is the least populated one. The largest population growth is in Asia and Africa, and that is in developing countries. The greatest population growth is in the cities of underdeveloped countries, due to natural increase and migrations of population. The poorest and the most marginalized ones are becoming even more vulnerable living in poorly-built buildings within megacities. Earthquakes in such circumstances could end with possible serious consequences.
Recent earthquake in Italy, occurred on August 24, 2016 showed that even in developed country implementation of anti-seismic law which required renovation of old buildings and making them earthquake resistant is being disregarded. This suggests that in future studies even some developed countries should be included in similar research.
An earthquake cannot be stopped or controlled, but people can reduce the destruction that earthquakes can cause. Large cities that are located in earthquake zones are impossible to move to another location, but it is possible to construct buildings resistant to earthquakes. This can be done with strict control and respect of the rules of construction. More efficient construction should rely on understanding how earthquakes affect the structure of the building. Even the seismic performance of existing structures could be improved and that could be done in many ways, adding external or internal reinforcements mainly of steel in the shape of the letter X or placing layers of rubber and steel under the foundations of buildings to absorb and reduce the effects of earthquakes.
People can avoid or reduce the risk of earthquakes and other natural phenomena that can turn into a disaster with appropriate preventions, mitigation of consequences of accidents, willingness to help and with quick reactions. One of the problems is that the priority is rarely given to training, equipment and organization of mechanisms for coordination in emergency situations, and we are often unprepared when disasters come. Possibility of secondary disasters as tsunamis and fires should be also determined. Understanding why the geological phenomena are occurring in the way they are, when and where are they most likely to happen, and what could be their impact on humans are the main issues that need to be taken into account in any planning.
